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‘l”rc&  crtnopy  nlicvwlinmte, Xylc.111  watcv flux aid xylctli
clic.lc~hic colis[aut have bec.n tllc,llitc~lcd in sir[~ since June. 1993 ill
two rrdjaccnt nalrmr] fcwst  stands in ccntrtrl Alrrsktr, ‘1’he dCtid  L]OUS
sttttldre~jre.w[]tsa lllatL]re,  tJalsfit~~ J]o~jltirsitcc)tl the.’l”rrnanr+tiive1
flcmctpkrin, while the coniferous stand ccmsis(s c)f nlilture white,
sl]tLlccv,ithso]llctj]ack  sl]ruce. rIlixcd ill, l)urillg s(Jlsticc. i!l Jtltlc
ruldlnte.1 insl]ttlrllcl,dillrllal  clitirlgc.s c)fxyle.l]]wltitcl  pc)te.]ltialwclc.
Irtcmsurc.d tcr inve.sti~rrm the cmut[cnce  rtncl rlja~liitude of tiw
tltillspirtttion al]d diclwt]ic  cw]strirlt  changes ill stc[lls. A ]mu’ly
devc.topcd  nMlmd for continucmsly nmnitoring  bole. diclc.ctlic
cc]rlsta!ll w’[isstlccessfLtl lyal>J)]ied tc~lll(J1litc)r c}l:lrlp,es  ill sixtIcc.s
during an en[irc. growing sertson,  At solstice., wi[h contitluc]s
dayli~ht of varying intensity, tlccs  still S11OV.WJ  a distinct diuriml
~);ittcrllirlt~)tl]wfitc] ~)c)tctltial rrr]d tluctlti])s~]il  iitioll, irlclictt(iltg,
waIcI shc.ssand stolllrital  cotmolinall trccsobse.[ved, I)ie.tectjic
ccmstaut in tllexylc.tlt variecldiumallyin  black sp[uce. and b:ilsril]l
pc@lr,  whi]c. whim spJuce. dicle.e[lic cons[rtnt  slic)wed rrlinit]];tl
response. ‘1’ranspirtition dccutmsed with s}mr lcning driylif,ht  pcr iods
rtnd ]c~wrcr  vti]]c)r prc.ssLlrc dc.clcitsirl dmatr]lc)s}l]me. l>ie.]eetlic
constiint gtadufilly ir~cIcased illallwllite.  sl]~ucco t]se.lvcd. 'I`rcc.
xylcrllflt]xstc)l]~)cd i11811cc111ifC’1  ~8[ tllccl]d c) fOctc)l~.r, lllack
sluucc and l]t~lsalli  ]]c)l)lar l~:id clear diur[]al  }~attclljsc~fclielcct[ic
col Mrnt V.’hi Ch ccmc. ]ated w)ilh changes in tr L’C. Xylcrn  flLtx. ‘1’rcc.
xy]e.rll flL]xar]d diclc.ctlic corlstar~l  irltliek]lack s}uuccwasnc)t
cc,rlclatcd to dial-ml elivirormiental prtrametcrs and illclicrited
sllclrlF, dcJ]]etio]l ofwtiter slorfif.e ir]itsbc]c~~r  cfi!lo~}y  ~ryc]lalllic
SystL’11).

lN’1’l{OI)UC’1’ION

l<cgllltir ckcLlllc[lcc. ofv’:ttcr stlcssiri  tlccsi~ccicsc )ftllc
boreal Cvlvitwulmllt  a]q)cars lcJ be a pttladc)x since this cllvilollt]lm]t
iscllalaclc.t  izcdt}ya  s}lorl~ro\!’i!lp,~lC.ric)d in cornbinaticm with a
COO]  sc)i]:illd  airtetrlJJcl al~lrer~"~,il~lc. 'I`hca[lrlL!ale \'8]Jc}Ititivc
clc.tr]:tlld islc)w’(Vie.rc.ck ct al. 1993) tirldt}lc. c.cl:illti icsit[]:itic)rlc]f
Illiiny sites sc.et]ls tcl pl oviclc tre.c.s with plenty of wattr.  Wllilc trc.c
watcl stlcssin tllc. borml z.oneisoftcn  betic.vcd tot~.at]exce.ljtic)r]
and conflncd to unusLml siturrticms, Obscrvaticms  by 1 lrris (1991) in
w,cstcI[)  ~<llJa(l:i itldictite. IcgLllar  wcurler]ce. c) fcc)t]si(iel  ;\t)le. cli Llt Jlal
clwl~,cs in trtinspirtition and low wrtel  pcmntirds for tlw
(l(ltllirtatitlg  t(wslJccies,e .vc]iw't~el]tl le.low'cr  aclivc. soil ltryc! is
wturiitcd with wa[cl. Sirlcc.lc)w’tlcc.w’[itcr potentirrl  asa
ccmscqLlcn  ccoflcdLrce4i  w’ate.r a~’:iilat)ility rli:tytl:ttlsl:ite ir]tc)
Cttnnf,es of tic.e diclcctlic  constant tc) a defyeC that is dctcc’tab]c.  by
rad:ir(wayet  al, 1992), kllow’le.dp,cof tlleacturd vc.gc.tatiorlw’: itcr
si:ltLls isirljlJc]l [:irlttc) itltcr}]rctracltir  drrtatakc.nat differerlt titrws
dLlri[lf,tlle  year or day. in tllepcscrltcci  study wc. invcstif,atc.  in situ
thewatcr  stlcssirl  dccidL]otls  ar]dccJr]iferc] LrstJc.cs l]ccicsirltllc
horcal z.onc. of Gntr al Alaska and the ccmusponding  changes c)f
t<,lc. diclccll ic ccmstfint.

llA~K(; l< OUNl)

Rc.sulls  c]f the 10S Sync.rgism  Study near }icsrm,
(Iilifolllia  inclicrrtc that a Coricla[iw exists bctwcc.n tllc. dic.lccllic
ccmstant of hccs  and their xylem water potcntirtl. Water pc)tc.n!ird
chrrr~F,c. so fupto2hl1’ arc.suited irt ancnder ofr]]ap,rlitLlclc cl]~irlp,c
irlltlc. [liclcc[li ccor]statlt  (Way ct al, 1991) .Ancxl]crirlierlt
ccmduc(cd  :ittlie  Jct]'Io~)Lllsior]  Iia[mrtitory, ~alifc)l J]iacc)rlflr1licd

fc)rfl\'c trcc.s},ccics( t}lrc.c.d  ccidL]ous,t w'occ~rlifctc,Lls) tllattllc. .
cc)rr]l~irlczl ~cs}]orlse.sc)f  watcrpotc]itial  and tx)le. dielectlicc orlstar]t
wctc r,{]licl and ]wctsible during Iclmatcd rllallipulaticm  of tic.c.
tlarls~]ittttiotl  (hfcl)or~aldct  al. 1~~2). NatLlrtilly  wctlrlirlg
v:lrintic)rls irltlle. w’atc.l stnt(ls c) ffc)lcsts  lllayt!a llslate.itlto
]t masLlr~blc chan~c.s c]f the. dic.le.ctl iC cortstant c~f their cornpormnts.
lr~tcldcpemdc[)cc be.tvmn water status of trees and their diclectl iC
cwlst:int rllay eventually lead to a crtpability of using remotely
scnscddala  inemlo:,ical  stLlclicsc  lfctirlclpywatcv  ~c.laticms. lnour
stLt(ly irl~c\]lTtil Al:iskti  w’eirltcrlclc<l tcl(~)vc.l ifytlltit clitllll:ll rtnd
seasonal ckangcs in Clicle.ctric cotmtrrnt oecLlr in dominrrnt  tree.s of
natural forests, (t)) cllar-dcter i2Ctllc.J  laltirtlC.tc.ls tl]at irlflucncc
changes in tlcc trtrnspirfition and bole cticlcctlic constant ancl (c)
deter Illinc the rlmgnitudc of chan~c in tree. dic.!cctr  ic cculstrrnt fcn
differcrlt hcc. spc.tics.

S1’1’1;  l)lI:SCltII’’l”1ON

I“hc. cxpcrimcnt site is ?0 krll wes[ of litirhanks,  Alaslm, On
the. I“aflana River flcdplain and lies within the. llonawsr Gcek
}i.xpcrin,cntril  I>olcst (MX1’). 1[ is an I mg “I”eml Ikmlogicrrl
Re.seatch site. mcmitorcd by the U.S. Folest SCJ vim and art
Al RSAR arid MM-1 StLldy site. We sclccte.d two adjacent stands
clcm  tc~ an c}xtrow  slough, First, a rnaturc n]ixe41 Popuhls
bal.rmi~cm  (balsam pc@ar) - Alrw wnr(~olia (alder) strrrld on a
wc.lldrtiirlc.da llLlvial terlacc writl~gtavclar~d  sartddcposits.  %cond,
anold}’iccagkrtm  (u’l]itc. s}lruce.) star] dw’itl~ inten[]ixcd J’icca
mr!-icrrio(black sJlrtlce) rtrtcl A/t/r~.~$/,ec.(alclcr  )irl  the understory.
p,luv,,ir)~on [ilatcriil lydrt(illcclsc)il w,itll},e[ l[l:lf! c,sl. ”l”llc:c~,tirlg
systcuiof  tllc.t][~lsarl]~)o~~l:~r star] clrc.:~clle.s  tt]c. ~,lc~l]rld~’tite] level
while. the rooting depth in the old white, spruce stand is corlfrned to
tlic. tr},l)c.r  activcsclil layer w’llere. t}lclligllcstar  lrlL]al soil rlloisture.
fltlctLl:itiorIs  wcLrr(Vic.rcck etttl.  ]!s9~). AnnLlat plucil]itaticmi S
287 rlar~. Annual e.vrrporatiori al the sites irt sulllrllcr JLU]p.cs  flwr]
a]pox.250 330rmlj.

Stand 1 Sttrlld 2
I)orllinant Species }ialsarll ]’oplar While. Spx LICe.
Grnopy tmi@t (m) 13.5 1?.5
hfax. trc.c. hc@t (m) 14.5 23.5
‘I’r~,.c clct]sity (lrccst la-1) 7994 ~g~~
1Ms81 arc.a (r,]? ha-1) 37.4 27.7
hfax. 1)1111  (crlj 16.9 39.()
l’cr Ill:ifrost  depth (crll) nc)t p[cserlt 30-40

hll:l’Ilol)S

Nine. Irlfiturc trees have. been rrlcmitolc.cl continuously sirlcc
June 1993 and include thre.c P. gkrucrr,  and tw’c) each }’. mcrrirrna,
/’. ldsrwvcra  ar,d AlmH sp. Ail tcttlpcrtiturc, relative air hu[l~idity,
and tCJltil J]]lC}tC)SyIltllC.  tiC8Cti VCrti(lifiti C)11  arc. tl~cmitorcdat fJn]irl
rllid-carlc)}]ylleif)jt. Soil arid llccrwtarld tK)lc. [crjlJ]cr titLrr C,s arc,
]l]caslrrc:d w,itIjtl]c]j l]istcj]s. A slandard wcat}mrstaticm w,it}l
prccipitatiorl, cvaportrtion, wincl dirccticm and wind speed is
lcwakd v.rilhiri 300” II). I’rcc. xylcIII flux is rlic.asL]rcd  in nine tlc.cs by
a the.r[nal constant Clwgy irlpLtt method (Granier 1987). Six of
these trees wcle instrunwntcd for concul(erit nlcasLmmlent  of t[unk
dic.le.ctr ic ccmstant with an autolllatc.d  dic.tc.ctlic ri~onitcning systclr]
(hfcl )onald 1992).  All data arc stcmd by datrr log~,cr and arc



- backetb])  c.va  y l))c)nl)I  wilh a pcn lable cxrII)pu[cI.  “l”tIc clitirc  SCIISOI
selap is powered by an arliry of lead mid batlclics  whic}l  are
Charg,cxi by solar pzrllc.ls.  IIuling  pCIiOd  S of low ligtll, battel ics arc
ChalI@ C)II  a X~Ll]aT b[iSiS to IOailltaiIl  SyShNll  ])OWC1.  I ,C.af  WatCl
po[cn[ial was monimcci  OVCI  24 hc)u]s pc]iods CJII selcctcci days
usirlg rr Scholal)dc.I III CSSUIC.  Cllrill]lw,r,
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l:i.g. 1: (a) l’hc~tosynlhelic  active rtidiation (440-700 nm) dating
sols[icc, lne,rrsurtxl  in t}le. opca tree. Canop w,ith  a sf)}ielic-wl  }’AR

fsellso~. (b) Air te.rll]w]  :iture (open circles ruid val)c)] pIessu Ic
dcfmit (f]llcd cilclc.s) in the canc)py layer during solstice.. (c) XylciII
flux density and (d) ]cal clic.le.chic constant nmtrsLr[ud  in the
hydrcmctive.  xylcm clf at 10 nun depth at aj,prox. 1.5 m height
above the. glound in the stcm) clf rr doll] inant Picca  tmrrinrm wi(h
sylnptoms c~f water str m. (e) Xylcm wale] potential for these
l’imr mat imko.

Rltsul ,1’s

I’rcc xylcm flux and water potential during so!slicc
I)uring  summer Solstice, the sun was nearly continuously

above. the. horlmn  and photosynthetic active rtrdiation varied
betwecm 0.02 and 1.3 nmol  nl-2s-  1 (}ii~,l). Air tenmettrture
varied from 24 ~ at middrry  to 12 ~ in t~e iate rllorn~ng  houls.
Vapor pressure. deficit in the canc,py layer wu id flotlt 17 J% K}’a- 1
to 3 Pa KPtr- 1. The de.wpoint  was not reac}wd at arly time. in spite
of drupping ni@lt te.rnprmtures and a tr[ic.f rain event in the cool
late ruolning  c}f June 23.

All tIees showed distinct daily changes of xylem wsrtcr
po[enti:d. the wate~ potential in conife~s during the drry drcrp.s to
nlore than -1.2 M}% while. in a small J’. @rrcrw -1.7 Ml’s were.
observed, Arwrnd  nridni~ht, the water )otential lccovers  to

1rrppruximately -0.5 Ml%  ‘J’hc. ok.c.r-ve nlidnight  values indicate
thaI the trees arc not able to fully restore. their water supply due. to
mcrde.rtile wfilc.r sh ess in tile soil. in the. dc~id L]ous trc.cs, the water
~)c)tc.ritial  dro~,s during tile. day in A/MM tc, -0.9 rrrd -1.2 hil’sr,
rqwctivcly,  while the tall l’ojIulu.r rcachcs ntctrc than -1.6 Ml’a.
Aroul,d  Illidnight, values rezcwcr tc) bet(ct th:m -0.35 Ml’a. ‘l’tic.
rli@rt  values  for t}le dccidL]ous bees  arc close[ to ?,e.rcr than fcx tile
ccmifcrs, indicating only tnodcrtite.  water stress, nlc)st likely due tc)
the dc.cpcr ~ootins mne  on the. pcrltmflcrst free. sile..

Xylem flux (trrx t!mspirtrtion) peaks on dc)rniuarlt tfc.e.s in
die nloriling with sLhequerit  stonuttal clc)sLne., atid ceases almosl
corllplcte.ly during the n@t, while a vapor plmsLrrc dcfwit still
exists. A Small t[anspirirtron flux from all trees was obse[veci dL]e.
to a tc.nlportrrily  inmeascd vpd after nlidnight  of June 23, Xylerl]
flux rnte.s wele positively corlelrrted with bashl xylem size and tr~e.
dcminance. within the canctpy layer. }Iighc.st flux mtes Oeeurlcd in
tall trees of/’. niarirrtla and A. tcmffolio with  75 g 111-2  s-1 anti 55
g n].? s-1, xcspcctivcty. P. nmriarirr,  howcve.r,  pc~ked at 15 g, 111-2
s-1 and shcwwci a ccmtirwclLrs low flux cluring tllos[ of the day. ‘l”hc.
obsctved large variation in daily fluxes irldic-ate storrlatrrl contlcrl in
all trc~ specie.s indepcndmt  froji] the atr]]os}]ljc.  ric vapor p~essnre.
defLcit and ftux lirllitfiticm tl]c,st likely due to water stress in two
con i fe.r OLIS  tr CC.S.

‘1’rcc xylcm flux rrrid dielectric comtanl
Air ternperuture varied more than 10 ~ during the. prmentwl

tllrce. consecLttive  days (2-4 July 1993), with a tcrl~pcI~tLrre
nmximurn  of 23 ~ (l~ig. 2). “J’hc vapo~ plcssurc  deficit in the,
cmmpy layer reached 20 l’a K]’a- 1, At ni@t, tllc. vpd did not reach
tlw dcwpoint and only drops tc~ 5 Pa K1’a- 1. l’llotc)syrlthctic  active
radia[ioa reached a rlmximnrn  of 1.5 nuncd 211-2 s-1. All three clays
hrrd huge, variations in clc)LI(i  ccwr  wlkh k rcflc.elcd in lalge
variation in houily val Lies of the p}lotosyllthc.tic  active ttidi:ition.

Xylm flux in a rmc.rg~r]t P. ~krurw showed a distinct daiiy
patte.r!l with low flux during nlgilt and hi.ghc.st flux I fite.s in the
n]ornmg @ig,.  2c). (Manging  cloud cove.r caused ~iq>id challge.s in
r~cliation  levels, but had no apparent effc.ct on stcjlnatai  behavior.
Ston~ala cioscd siow]y dLlring the aftcnlocm thus miucing
trarlsI]irittion. ‘J’hc die.ic<tlic  cotmtant ill the bo]c xyicrll is not
ccmciated with the flux or the water potential arid rctnains almost
constmlt througilout the. day.

In mr]trast, tlm xyie.rn wakr  fiux density of a dcni]inant  l’.
mrricrm  is not corlciated  with air tevnpcrirture,  vapor prcssulc
dcflcit or iigllt (1’ig.?d).  Iiclie. dic.iechic ccrnstrmt  is not dircctiy
iinked to die fitrx rtite and rvachcs its lowest vaiucs shcn dy after
midday, when xylcrn flax drops. Xylem ftux is }rigllcst  in early
Ilmrlling, hours, but flux Ititcs arc only haif of I’. ghuca ar]d 1’.
bcrkrftl~cra. ]t can nc)t be e.xclucicd  that a stern cap;icitrince e.ffcct
cause.s a tirlm delay ]c.lative to the cruwn tl alq]iration,  hcwcvcr
sirlce water potential follcws a regular daily patter II, it can be
NSL11N41  that a ]eai flux to the crrriopy is obscr wci anti smnata  al c
cioscd dLlring the. ciay.



1

t

*

h
- ‘1’hc.  rte.ciclucmrs l’.t]frlsrrr)ll~cra SINIS tr alls~]ilatioll  v,,ith high

flux rates with t]lc onset of day]ight and rcducc.s slcmatal apcr ILII c
ccultinuously duting the. day  (}.’ig 2?c). }’]lotosyllt]lctic  Iadiatic)n
cause.s a nmcte~~lc. and rc,vc[sib]c s[olllatal Icrrction. Ilole xc.al
dielcchic  value.s show a daily change. and are in phase, bLlt ale nc)t
sigrlificanl]y  ccmelatc.d  w,it}l tree. trkrnspirrrtion.

l) LWUSSION
in all tlccs obset wxt, the rrttio of t:itnspirsrlion to va])ot pressure
deficit of the, rrhnosphere vtiried daily, indicating cfficicmt stormrtrrl
conh u] to reduce wtrtcr loss by the tle.cs. 1,ip.h[  influcncccl canc)py
COIIdUCtaIICe on]y  to a ltiillcu de.grcc. WatC1  StICSS oc~l]l[~d irl al]

tIccs, and was nme prunounccd  in conifcls  as water potc.ntial
values do nc)l rc.ach zero fc]r ]nost days during sun]llm.  “Jhe upper
sc~il Ilmizo]l with tllc. lllost dense root systcll] d[ iccl out oftc.11, while
the. lower }101  iz.cms wc.1 e still moist bLN contain vcr y fcw 1001s clue.
100 lIIc. ullfrivolirb]c,  tl)e.1 mal glow,irlg conditioIis  OVC.I  tlIe
P~IIII:IfIOS1. l’jwkitatkn in summer dots not cotllplctcly reach the
glound due. to interception loss of 17% in the canopy and partial
rit,sorpticm and rccvapoltition in the. nioss and lichcll layer.
Moislure f[crm  lifJll rain sbowcls does nc)t rcrich  lhc rooting 7one
sincz  cxrnopy  at)d undcI stcM y ve.gc.rrrticm can absorb be[v.,c.c.  rl 1 to 2
rim) I]tcci]~itation,  ‘J’hus aftc.r sc.vcral dly days, wiite.r strc.ss call
bLliki up ill coniferous stands that glow cm pcrlnafrost.
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l’ig, 2: (a) Air tmpcmturc (upper line) and VtipoI I’IGSSLUC  I lc.flcit
(lower lirw) irt the canopy layer. (b) Phc)tosynthetic active radiation
Incasurcd 8 m above. gl oLuld in an Open region of t}m canopy. (c-c)
X ylcm fJLIx  dcmsity rrnd real diclc.ch ic constant for (c) white
slmce, (d) black spl uce., (c.) balsam Jjoplar,

1 )ic.le.ctr  ic chal]p,e.s in trc.c. boles are obscl vcd in all
C’oniftvous  and deciduous species. In p, gkwa the Cliekchic  Va]LICS
C1O not change. diuraally  but do inclease  signif]crrrldy  cwcr tbc.
sc.ascm. In /’. mrriflm  and /’. t~al.rfrftu’’cta, the bole dielectric
charigcs  atc  iri phase, with the xylem flux bLlt are not si.gnif]cantly
ccmc,latcd. ‘1’hc  role of water content cban~cs ulldcr varying fluxes
will be exnrllincd in fur lhc.r e.xpc.l irllcnts.  “J”hc Obscl \’cd C]ic.]c.chic
clmnf,c.s ale. in an o~dcl ofmagnitudc  which can potc.rrtially bc
cic.te.c[c.d  by rtidru. Substqucnt  analysis of dielectric constant
chan~cs in relation to clirtmtic parameters, xylcrn water flow and
leaf wwtcr potential will bc pc.rformed to devc]op an understanding
of the ccmpling arllong these variables, Along with this, AIt<SAR
and MN-  1 SAR observations of the H(:t+ will be used together
with a radrrr scattcling mock] to de.tcr Jnine if diLlrnal ch:inges  in t}m
backscattcr  signatLlres of forest canopies can b-s obsmwd  from
space, thus exatnininf.  die inlplications of t}lis relationship cm the
utiliz~ition of ]crno[e.ly se.nscd data to study canopy water rc.lations,

“J”hc. dic.lcctl ic prol,c.rties of a fomx canc)py directly affecl
its rtdal  backscatter  sig[latLne, lhus, establishing the. link bctwc.en
the Ctitkh  ic constant and t]lc canopy water s[atLls  al lOWS  an
Lrndcrs[anding of how canopy p!lysicdo~icxil  state. affects molar
bzrcksca[te.r, ‘Jhis in tLIIll e.nbanccs  the potentitil to dcl ivc canc)py
wsr[e.r status illfor l~~ation flom rtidar itlla~e.~-y of forest biomes and
clc. nmnsh trtes tlm utility of applying rc.nlotc]y sensed data in
ecological S~LldiM  c]f fo]csl canopy waler S[atLIS.

2 his work was cirrried out rrt the Jet Propulsion laboratory,
CalYornia  lnstitiitc of Icc}mology, limkr contract witlt the
National Aeronautics and Spare Arlmitiistrotion.
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